Although several genetic and environmental factors have been identified as risk factors of adolescent idiopathic scoliosis (AIS), the influence of dietary intake has not been elucidated. We evaluated the association between AIS and dietary habits among female students. Junior high school girls aged 12 to 15 years in the Tokyo metropolitan area who underwent a second school screening for scoliosis were recruited. AIS was diagnosed by orthopedic surgeons specializing in scoliosis, using standing whole spine radiography. Students with a Cobb angle of ≥15 • were classified into the AIS group, and others were considered healthy controls. Dietary assessment was performed using a validated diet history questionnaire. Dietary intakes were categorized into quintiles based on distribution, and crude and multivariable odds ratios and 95% confidence intervals for AIS for each quintile category of dietary variable were calculated, with the lowest quintile category used as a reference. In total, 2431 subjects were included in the analysis, and 47.8% of them were diagnosed with AIS. None of the selected nutrients or food groups was significantly associated with AIS. In conclusion, dietary habits may not be associated with AIS.
Introduction
Adolescent idiopathic scoliosis (AIS) is a three-dimensional deformity of the spine, defined as a lateral curvature of the spine in the coronal plane, which develops in children aged >10 years without known causes [1] . Several genetic and environmental factors have already been identified as risk factors of AIS [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Nevertheless, given this multifactorial background, a full understanding of the factors associated with AIS requires further evaluation. In particular, the influence of dietary intake has not been elucidated. The high AIS concordance rate in monozygotic twins implies the importance of genetic background [2] [3] [4] [5] [6] , but other studies have indicated that onset is also influenced by environmental factors such as participation in sport activities [7] [8] [9] [10] [11] [12] .
To our knowledge, no epidemiological study has yet investigated the influence of dietary factors on AIS. Some studies reported that bone mineral density in AIS patients was low, and that low calcium intake and vitamin D receptor polymorphism were related with low bone mass in AIS patients [13] [14] [15] . However, the pathological mechanism between the onset of AIS and calcium/vitamin D intake has not been elucidated. Although other experimental studies in animals suggested that deficiencies of vitamins (e.g., A, B1) and minerals (e.g., copper, manganese) could cause spinal deformity [16] [17] [18] , the effect of these nutrients on AIS has not been investigated.
Recently, our group investigated the relationship between various lifestyle factors and AIS and reported associations with classic ballet training, family history of scoliosis, and low body mass index [19] . That survey included a quantitative assessment of dietary intake using a brief-type self-administered diet history questionnaire for school children and adolescents (BDHQ15y) [20] . Here, we used this data to evaluate the influence of nutrient and food intakes on AIS.
Materials and Methods

Study Design and Participants
Details of the study design and participant characteristics have been reported in our previous study [19] . Briefly, the present study was conducted under a cross-sectional design in Japanese female junior high school students in the Tokyo metropolitan area who visited the Tokyo Health Service Association (Tokyo, Japan) for a second school screening for scoliosis. In Japan, students in elementary and junior high school are screened for scoliosis at 10 to 14 years of age at school. If scoliosis is suspected, the student is referred to a second screening where a diagnosis is made using whole-spine radiography. The Tokyo Health Service Association is a public service corporation that provides such second screening as well as a variety of other early-detection medical examinations.
Of the students suspected to have scoliosis after the initial screening using Moire images, 76.9% visited the Tokyo Health Service Association for their second screening and were evaluated for scoliosis with standing posteroanterior whole-spine radiographs. Between January 2013 and February 2015, 2759 female students underwent the second scoliosis screening, of whom 2747 (99.6%) participated in this study. None of these students had previously been diagnosed with scoliosis. After excluding students with congenital vertebral anomalies (n = 36), congenital heart disease (n = 20), epilepsy (n = 27), or spina bifida (n = 1), those whose menarcheal status was unknown (n = 63), and those with no or insufficient information about dietary intake (n = 169), the remaining 2431 students were included in our analyses. This study was approved by the ethics committees of the authors' institutions. Students and their guardians were given a pamphlet describing the study, a brief oral explanation, and a questionnaire. Those who completed the questionnaire were deemed to have consented to participation in this study.
Questionnaire
The students and their guardians completed two questionnaires while waiting for the standing posteroanterior radiographs of the spine and, therefore, before receiving any results from the radiographs or recommendations for further follow-up or treatment to avoid reporting bias. The first questionnaire asked about lifestyle, physical activity, home environment, family history of AIS, and so on [19] . The second was BDHQ15y, which is used to assess habitual dietary intake during the one month preceding the implementation of the survey. The BDHQ15y is a four-page questionnaire developed based on the self-administered diet history questionnaire (16-page comprehensive type) [21] [22] [23] and the brief-type, self-administered diet history questionnaire (BDHQ) for adults [21, 22] . It can be used for school children and adolescents aged 6-18 years. The basic structure of the BDHQ15y is closely similar to that of the BDHQ for adults but excludes one section about alcoholic beverages. Estimates of daily intake for foods (67 items in total), energy, and selected nutrients were calculated using an ad hoc computer algorithm for the BDHQ15y based on the Standard Tables of Food Composition in Japan [24] . The validity of the BDHQ15y for selected fatty acids and carotenoids using biomarkers (erythrocyte fatty acids and serum carotenoids) as an objective standard has been reported elsewhere [20] .
Radiographic Measurements
Standing posteroanterior radiographs of the whole spine were evaluated by orthopedic surgeons specializing in the treatment of scoliosis. Multiple surgeons took part in the evaluation, but one surgeon did the measurement for one participant. The Cobb angle is defined as an angle of curvature be measured by drawing lines parallel to the superior endplate of a proximal-end, most-tilted vertebra and the inferior endplate of a distal-end, most-tilted vertebra of the structural curve. The Cobb angles of the major curves were measured if spinal curvature was present, and AIS was defined as a Cobb angle of ≥15 • . The Cobb angles were measured using the DICOM (Digital Imaging and Communications in Medicine) POP (Post Office Protocol)-net server system (ImageONE, Tokyo, Japan). The present study met established standards for the interobserver reliability of the measurements [25] . The Risser sign (grade 0 to 5) was recorded for each participant as an indicator of bone maturity [26] . Any congenital anomalies of the vertebrae were also recorded for later exclusion from the analysis.
Statistical Analysis
To select subjects with appropriate dietary intake data, we eliminated subjects who had not answered BDHQ15y and those whose energy intake estimated using the BDHQ15y was not between 0.5 times the estimated energy requirement (EER) for girls aged 12-14 years with the lowest physical activity level (EER I) [27] and <1.5 times the EER for those with the highest physical activity level (EER III) [27] (i.e., those whose energy intake was <1075 kcal or ≥3825 kcal: 169 subjects were eliminated).
Nutrients for analysis were selected based on the physiology of bone [28] and the results of past studies [13] [14] [15] [16] [17] [18] . Selected nutrients were protein, calcium, vitamins (D, A, K, B6), and minerals (manganese and copper). Foods which abundantly contain the selected nutrients and are frequently consumed in daily life were also selected for the analysis: rice and other cereals, pulses, fruits, vegetables (w/o mushrooms), mushrooms, fish and shellfish, meat, dairy products, and tea and coffee. Food groups were defined based on the categories in the food composition tables of Japan [24] . Because intakes of most nutrients were positively associated with energy intake, energy-adjusted intakes were calculated by the density method [29] . The amount of each nutrient consumed daily was calculated as a percentage of daily energy intake (% energy) for energy-containing nutrients (i.e., protein) or weight (g, mg, or µg) per 1000 kcal of daily energy intake for non-energy-containing nutrients. The intakes of each food group were energy-adjusted in the same manner and presented in weight (g) per 1000 kcal of energy intake.
Odds ratios (ORs) for AIS in relation to dietary intakes were estimated by logistic regression analysis. We categorized dietary intakes into quintiles based on distribution, and calculated crude and multivariable ORs and 95% confidence intervals for AIS for each quintile category of dietary variable, with the lowest quintile category used as a reference. Multivariate-adjusted odds ratios were calculated by adjusting for potential confounding factors including age, menarcheal status, school type (public or private; as a surrogate marker of household income), and family composition (single-parent family, 2-parent family, or 3-generation family) as our previous study [19] . In addition, a second model included these factors plus classic ballet experience (yes or no), mother's history of scoliosis (yes or no), use of dental braces (yes or no), and BMI (<18.5, 18.5 ≤ 25, 25≤). These new covariates were selected based on their significant association with AIS in our previous study [19] . Trends of association were tested using logistic regression models, which assigned scores at the level of the independent variable (dietary intake). All analyses were performed with Statistical Analysis System (SAS) version 9.4 software (SAS Institute, Cary, NC, USA). Statistical tests were two-sided, and p values of <0.05 were considered statistically significant.
Results
Characteristics of the participants are shown in Table 1 . In total, 47.8% of the participants had a Cobb angle of ≥15 • and were diagnosed with AIS. The mean Cobb angle of the scoliosis group was 20.7 ± 5.6 • . The mean age of the control group was 14.0 ± 0.9 years and that in the scoliosis group was 13.7 ± 0.9 years. BMI in nearly half (47.6%) of the participants was less than 18.5 kg/m 2 . The mean BMI in the control group was 19.1 ± 2.3 kg/m 2 and that in the scoliosis group was 18.5 ± 2.2 kg/m 2 . The relationship between nutrient intake and AIS is summarized in Table 2 . The analyzed subjects were divided into five groups by quintiles of nutrient intakes, and crude and adjusted ORs for AIS were calculated, with the lowest quintile category used as a reference. None of the selected nutrients, including calcium and vitamin D, was significantly associated with AIS. No p value for trend showed a dose-response relationship between nutrient intake and AIS. Similarly, the relationship between food groups and AIS is presented in Table 3 . There was no significant relationship between food groups and AIS. A p-value for trend for pulses by the crude model was 0.07, but multivariate-adjusted ORs were closer to one than the crude OR. No change in results was seen when AIS was defined as a Cobb angle of ≥20 • . , and family composition (single-parent, 2-parent, or 3-generation family) as covariates. 3 Adjusted OR 2 was calculated by logistic regression models including classic ballet experience (yes or no), mothers' history of scoliosis (yes or no), use of dental braces (yes or no), and BMI (<18.5, 18.5 ≤ 25, 25≤), as well as the four covariates mentioned above (2) . 4 Trends of association were tested using logistic regression models, which assigned scores at the level of the independent variable (nutrient intake). , and family composition (single-parent, 2-parent, or 3-generation family) as covariates. 3 Adjusted OR 2 was calculated by logistic regression models including classic ballet experience (yes or no), mother's history of scoliosis (yes or no), use of dental braces (yes or no), and BMI (<18.5, 18.5 ≤ 25, 25≤), as well as the four covariates mentioned above (2) . 4 Trends of association were tested using logistic regression models, which assigned scores at the level of the independent variable (food intake).
Discussion
This is the first epidemiological study to show no relationship between AIS and dietary habits in adolescents. In the present study, AIS was diagnosed by orthopedic surgeons who specialized in the treatment of scoliosis, and dietary intake was quantitatively assessed with a validated diet history questionnaire at both the nutrient and food levels. Non-significant relationship between food intakes and AIS might have implied that possible combinations of nutrients were not associated with AIS, either. Although it is difficult to confirm the absence of a relationship by statistical testing, the number of subjects in this study was large enough to mention the non-significance of the differences.
Studies of nutrients affecting spinal development and morphology are scarce, particularly those in humans. There have been a few experimental studies in animals [16] [17] [18] . Li et al. reported that vitamin A deficiency in pregnant rats induced congenital scoliosis in neonates through a defect in retinoic signaling pathway during somitogenesis [16] . Incidence in the vitamin A deficiency group was 13.8% (8/58), while no filial rats in the control group showed abnormalities of the spine. Opsahl et al. showed that the copper content of the diet was significantly associated with onset and severity of spinal lesions in a line of chickens susceptible to scoliosis [17] . Lower copper intake was associated with a greater curvature angle. In addition to copper, deficiencies in vitamin B6 and manganese were also associated with the development of scoliosis in the same kind of chicken [18] . The authors of these studies speculated that deficiency of copper, vitamin B6, and manganese might be associated with abnormal formation of connective tissue components such as collagen [17, 18] . Although we assessed these nutrients in the present study, none showed a significant association with AIS.
Regarding humans, Goździalska et al. demonstrated that serum levels of 25-OH-vitamin D 3 and calcitonin were lower in girls with AIS than in healthy girls [30] . They pointed out the possible involvement of vitamin D deficiency in AIS etiology, but their study did not include dietary assessment. Given other findings that polymorphism in the vitamin D receptor is possibly associated with bone mineral density at the lumber spine [15] , which aspect of vitamin D is associated with AIS should be confirmed: intake, absorption, metabolism, or internal function. We saw no relationship between vitamin D intake and AIS in our present study. Since we did not have any information about serum vitamin D concentration as well as ultraviolet light exposure, relationship between vitamin D insufficiency and AIS should be investigated in future studies. The low bone mass in AIS patients is well-known [31] as is its association with low calcium intake. However, calcium intake did not differ between AIS patients and healthy controls in two studies [13, 14] . Our present finding supports this lack of association between calcium intake and AIS.
We and others have already reported that low body mass index was associated with a higher prevalence of AIS in female junior high school students [19, 32, 33] . Given that low BMI implies habitual lower energy intake against energy requirements [34] , energy intake might be a dietary factor which is associated with AIS. Further studies are needed to confirm whether more energy intake is effective in preventing the occurrence and progression of AIS.
The results shown in this study may be applied to many developed countries and regions due to the following reasons. It has been reported that the overall prevalence in Japanese schoolchildren 11-14 years of age with Cobb angles of 10 • or more was 0.87%, and the prevalence of curves of 20 • or more was 0.31% [35] . This prevalence was almost comparable to the global one [36] . Regarding nutrient intakes in the study participants, calcium insufficiency was prevalent (median intake 319 mg/1000 kcal), and some parts of the participants may have suffered from vitamin A (308 µgRAE/1000 kcal) and/or vitamin B6 (0.57 mg/1000 kcal) insufficiency, in consideration of the indices in the Dietary Reference Intakes for Japanese, 2015 [27] . However, symptomatic nutrient deficiencies are rare in Japan, and this situation is similar to those in other developed countries. From a different point of view, we could not find any association between nutrients and AIS which had been observed in animal experiments because the degree of nutrition deficiency in the experiments might have been much severer than the nutrient insufficiency in humans.
Our study has several strengths. The large number of subjects (n = 2431) and high response rate (99.6%) supported the high power of the statistical analysis and minimal selection bias. AIS was appropriately diagnosed, and a validated questionnaire (BDHQ15y) was used [20] [21] [22] [23] . Several lifestyle factors have been already assessed as possible risk factors of AIS [19] and were considered possible confounding factors in the present study.
Several limitations of this study also warrant mention. First, all of the subjects were suspected of having scoliosis as a result of their first screening tests before the questionnaire survey. This might have caused a change in attitude to responding, which differed from general population. However, as both the AIS and control groups consisted of subjects who underwent the second screening before they learnt of the result, the comparison should have been performed appropriately. Second, the dietary intakes measured by BDHQ15y are habitual intakes during the one month preceding the implementation of the survey. In other words, we did not evaluate cumulative intake from birth or infancy. Give studies showing the tracking of dietary habits over years [37, 38] , recent dietary intake may reflect cumulative intake, to some extent at least. Third, due to the cross-sectional nature of the preset study, the causal direction between AIS and dietary factors was unclear-some subjects might have changed their dietary habits after learning of the possibility of AIS. However, this change could have occurred in both the AIS and control groups, because all subjects were suspected of having AIS after the first screening.
Conclusions
This study showed that nutrient and food intake was not associated with AIS prevalence in junior high school girls in Japan. Influence of energy intake, which was implied by a relationship between low BMI and AIS, might be the next issue warranting investigation. 
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